Abstract
INTRODUCTION
Diffuse idiopathic skeletal hyperostosis (DISH) is a non-inflammatory systemic disease with unknown aetiology that affects the axial and appendicular skeleton, characterized by ossification of soft tissues such as ligaments and insertion of tendons and capsules to bone (enthesis) (Kranenburg et al., 2010; Togni et al., 2014) . It was originally described in humans (Forestier et Rotes-Querol, 1950 quoted by Mader et al., 2013) and later in other mammals, including dog and cat (Woodard et al., 1985; Bonses et al., 2016; Fernoagă et Tudor, 2017) . The diagnosis of DISH is usually based on structural alterations of the spine, represented by new bone formation in the ventral longitudinal vertebral ligament which causes the fusion of several adjacent vertebral bodies (Resnik et Niwayama, 1976; Kranenburg et al., 2011; Mader et al., 2013) . To classify these structural alterations of the spine as DISH, a set of classification criteria has been proposed (Resnik et Niwayama, 1976) , which is widely accepted in both human and veterinary medicine. Later on, veterinary medicine tried to supplement them with new criteria (Morgan et al., 1991) . Typical DISH is considered asymptomatic or associated with moderate clinical signs (Ortega et al., 2012) , which may evolve alone or in combination with other structural spine changes, such as deforming spondylosis (Kranenburg et al., 2011) , abnormalities of the dorsal vertebral structures (Ciepluch et al., 2013; De Decker et Volck, 2014) or degenerative processes of the adjacent vertebral segments (Ortega et al., 2012) . The primary objective of this study was to investigate retrospectively the presence and distribution of DISH in dogs.
MATERIALS AND METHODS
The medical records from the radiology service of the FMVB for dogs that were clinically and radiographically assessed according to the examination techniques that were previously described (Vlăgiou et Tudor, 2012; Vulpe et Meomartino, 2014) between 2016-2017 and had a radiographic report describing the presence of a spine disease were reviewed. Recorded information included breed, age, gender, physical and radiographic examinations. Radiographs from lateral and ventrodorsal incidence of the spine were performed. Radiographies for each dog were taken and evaluated to determine the presence of DISH. The DISH diagnosis was confirmed when the previously published criteria were met (Resnik and Niwayama, 1976) , accepted in both human and veterinary medicine. These criteria are: (1) the presence of flowing calcification and ossification along the ventro-lateral aspect of at least four adjacent vertebral bodies, (2) the relative preservation of disc width in the involved vertebral segment and the absence of overt radiographic changes indicative of ,,degenerative,, intervertebral disc disease (including vacuum phenomena and vertebral body marginal sclerosis), and (3) the absence of articular process ankyloses, sacroiliac joint erosion, sclerosis, or intra-articular osseous fusion (Resnick et Niwayama, 1976; Greatting et al., 2011) . The number of vertebrae involved and vertebral segments affected by DISH were recorded for each animal that was examined.
RESULTS AND DISCUSSIONS
Of the 531 dogs belonging to 19 breeds, aged between 1 and 16 years who were referred for radiographic examination of the spine, 11 dogs were diagnosed with DISH, representing 2.07%. DISH dogs were represented by 5 females and 6 males, including 3 Cross breeds, 3 Rottweiler, 2 Boxer, 2 Golden Retriever and 1 German shepherd (Tab 1). The average age was 9.81 years, ranging from 6 to 15 years. All 11 dogs clinically examined and classified with DISH based on radiographic images showed back pain on palpation, stiffness in the back, and heavy walking on the hind limbs. In addition to these aspects, some of them have presented urinary retention (n = 4 dogs) or coprostasis (faecal loading) (n = 3). It was not possible to fully examine the spine for all dogs, so that for 7 dogs with DISH were available the thoracic, thoracolumbar, lumbar and lumbosacral spine radiographs [from the first thoracic vertebra (T1) to the first sacral vertebra (S1)], and for 4 dogs only the lumbar and sacral segments (T13-S1). The radiographic examination revealed that 173 vertebral segments (7 dogs x 20 vertebral segments (T1-S1) + 3 dogs x 8 vertebral segments (T13-S1) + 1 dog x 9 vertebral segments (case 6 in which the presence of a transitional vertebra was found, respectively lumbarization of S1vertebra)], and of these 74 were affected by DISH. The number of vertebral segments affected by DISH per dog varied between 4 and 14 ( Table 2) . The presence of DISH was found in the thoracic spine (4 out of 11 dogs), the thoracolumbar spine (3 dogs) ( Fig. 1 ) and the lumbar spine (11 dogs) (Fig. 2) . The most affected vertebral segments were L3-L4-L5-L6 (n = 11) and respectively L2-L3 (n = 8) ( Table 2 ). In all cases the presence of spondylosis deformans (which is not the subject of this work) in different degrees, both cranial and caudal of the vertebral segments with DISH, was found, and the L7-S1 vertebral segment was most affected (n = 11), with the presence of incomplete bone bridges over the intervertebral disc space.
No changes were noted in the intervertebral disc spaces of the areas where the vertebral bodies were merged by new bone production, but degenerative alterations have been identified in adjacent areas (case x), especially in the L7 caudal end-plates and S1cranial endplates. Additionally, in two cases radiopaque dots were observed at the intervertebral disc space adjacent to the DISH regions. The presence of spondylosis deformans (at T11-T12-T13-L1 and L7-S1) alongside DISH is observed 
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DISH is a systemic disease with primary localization in the axial skeleton, but it can also affect the appendicular skeleton both in humans and dogs (Kranenburg et al., 2010; Greatting et al., 2011) . Recently, bone changes in the ventral longitudinal vertebral ligament compatible with DISH were also observed in the cat (Bossens et al., 2012; Fernoagă et Tudor, 2017) . Radiographic aspects that define DISH are represented by flowing bone proliferation located primarily along the ventrolateral edge of at least 4 adjacent vertebral bodies and maintaining the width of the intervertebral disc space, characteristics that distinguish it from other hyperostotic disorders of the spine, such as spondylosis deformans, osteoarthritis of the facet joints, and vertebral osteocondrosis (Kranenburg et al., 2011) . In the present study, the criteria established in previous studies (Resnick et Niwayama, 1976) and accepted as the "gold standard" by most specialists in both human and veterinary medicine (Greatting et al., 2011) have been met, finding the union of at least 4 vertebral bodies joined in all 11 cases classified with DISH Regarding DISH prevalence in the dog, Kranenburg et al. (2011) identified a value of 3.8% and the Boxer breed was the most affected (40.6%). In the present study, there was no breed-related predisposition, DISH being identified in 5 breeds in relatively similar proportions, and generally the prevalence was lower than previous studies (Kranenburg et al., 2011) , probably due to the small number of animals studied. In humans, a higher incidence of the disease was found in male elderly people (revised in Mader et al., 2013) , similar situation being recorded in veterinary medicine (Kranenburg et al., 2010; Dărăban et al., 2013) . The results obtained in the present study are in line with the previous results, and DISH was found to affect old male dogs (6 dogs aged over 10 years) and of large breeds. The segmental distribution of DISH in the spine was more common in the lumbar segment and less common in the thoracic segment compared to previous studies (Kranenburg et al., 2010) . Although in three cases DISH was found to extend to more than 10 vertebral segments, and in 8 cases bone production included L7 vertebra, DISH did not affect the lumbosacral junction in either case, suggesting the presence of a more mobility in this area than others (Togni et al., 2014) . On the other hand, the presence of the newly formed bone and the merging of several adjacent vertebrae can lead to increased pressure in the adjacent segments and the appearance of degenerative processes (Kranenburg et al., 2011; Ortega et al., 2012; Togni et al., 2014) , which can generate various clinical signs. It is known that in the same dog with DISH can be accompanied by spondylosis deformans (Kranenburg et al., 2011) . In our study, spondylosis deformans was diagnosed in all 11 cases evaluated, and the L7-S1 vertebral segment was most affected similarly to those presented in previous studies (Morgan et al., 1967) . Despite the dramatic imaging aspects of DISH, it is considered that the disease is not of much clinical relevance, being accidentally diagnosed in asymptomatic individuals, both human and dogs (Mader et al., 2013; Kranenburg et al., 2011; Wessman, 2014) . Probably this is why no more attention has been paid to this condition, so far there has been a small number of studies for the presence of DISH in dogs (Kranenburg et al., 2011; Ortega et al., 2012) . However, Kranenburg et al., (2011) found that a significant number of dogs with DISH (more than one-third) experienced neurological and/or orthopaedic clinical manifestations. In our study, all dogs with DISH showed clinical signs of reduced backward mobility, pain on palpation and difficult walking, but it was not possible to evaluate these cases by other imaging methods, such as MRI or CT, in order to be able to establish clearly whether these manifestations are a consequence of the presence of DISH or other changes associated with DISH. Ortega et al. (2012) suggests that the spinal hyperesthesia manifested by dogs with DISH may also be the consequence of degeneration and protrusion/extrusion of intervertebral discs from mobile vertebral segments adjacent to spinal fusion areas. Reduction of spinal mobility due to new bone formation in ventral longitudinal vertebral ligament and fusion of several adjacent vertebral bodies provides some protection for intervertebral discs structures in areas with DISH, but can cause an increase in pressure exerted on the vertebral segments adjacent to those affected by DISH. This stress can eventually lead to the occurrence of adjacent segment disease, such as degeneration of intervertebral discs (Ortega et al, 2013) . Moreover, the clinical abnormalities of the dorsal vertebral structures that cause compressions on the spinal cord or the spinal nerves roots may contribute to clinical manifestations of DISH in dogs (De decker et Volk, 2014) . The advanced age of the animals in this study may be an important factor in clinical expression, the animals being presented and examined to a late by the veterinarians, which has allowed the emergence and development of associated degenerative processes. In addition, DISH is a predisposing factor in both human (Mader et al., 2017) and dog (Kornmayer et al., 2013) for spinal fractures that can complicate leading to various clinical manifestations as a result of spinal cord injury. Following the ventral longitudinal vertebral ligament ossification, the spine becomes rigid and incapable of absorbing the traction forces acting on it, favouring the occurrence of fractures much easier, even minor trauma (Mader et al., 2017) . Although the radiographic features of DISH are known, there are limited data on clinical manifestations, aetiology and pathogenesis, and further studies in these areas are needed.
IN CONCLUSION, our results highlight the presence of DISH in older dogs of the larger size, the lumbar spine (L3-L6) being the most affected segment. Although radiographic aspects are sufficient to classify as DISH the bone changes present on the spine in the dog, in order to determine the real cause of clinical signs in DISH individuals it is recommended to supplement the radiographic data with the information provided by other advanced imaging methods such as be MRI or CT.
